Introduction
============

In the industrial nations, lung cancer is the leading cause of cancer death \[[@B1]\]. Small cell lung cancer (SCLC) is the most aggressive histological pattern of lung cancer. Platin-based therapy regimens have become the backbone of small cell lung cancer chemotherapy with cisplatin being widely used. First-line chemotherapy with cisplatin often leads to encouraging responses, but, in the course of the treatment, resistance to cisplatin is frequently observed. Possible mechanisms of resistance to cisplatin have been extensively studied and more than 100 proteins have been suggested to be involved \[[@B2],[@B3]\]. However, a satisfying clarification of the underlying mechanisms is still lacking and none of the proposed proteins has ever been proven to be clinically relevant. Therefore, the problem of the development of cisplatin-resistance in lung cancer still remains unresolved.

B cell lymphoma-2 (Bcl-2) is the founding member of a large family of proteins that either promote or inhibit apoptosis \[[@B4],[@B5]\]. The family is typically divided into three groups according to structural homology and function. The first group includes anti-apoptotic proteins with Bcl-2 being the one that has been studied to the greatest extent. The second group is constituted by pro-apoptotic proteins including Bcl-2-associated × protein (Bax). The third group is also proapoptotic and encompasses Bcl-2 homology 3 (BH3)only proteins, including Bcl-2-interacting mediator of cell death (Bim), Bcl-2 antagonist of cell death (Bad), and BH3 interacting domain death agonist (Bid).

In our study we aimed at investigating if altered expression of pro-apoptotic members of Bcl-2 family of proteins is involved in cisplatin-resistance in SCLC cells.

Methods
=======

Materials
---------

Cell culture reagents were obtained from Life Technologies (Eggenstein, Germany). Other reagents were bought from Sigma-Aldrich (Deisenhofen, Germany) unless stated otherwise. The human SCLC cell line H1339 was purchased from DSMZ, Braunschweig, Germany. The human SCLC cell line H187 was kindly provided by Prof. Gudermann, Department of Physiology, Ludwig Maximilians University, Munich.

Survival curves
---------------

Tumor cells were seeded in 25 cm^2^cell culture flask and cultured for 24 h. Next, cells were 3 h exposed to 1 μM cisplatin analogue to the plasma concentration of unbound cisplatin in humans (6). Cell viability was evaluated by trypan blue exclusion cell counting 24 h to 96 h after the exposure and expressed as percentage of untreated control cells.

Western blot analysis
---------------------

H1339 cells were washed twice with ice-cold phosphate-buffered saline (PBS; 10 mM, pH 7.4) and scraped in 0,02% EDTA solution. The cell suspensions were treated according to the manufacturer\'s protocol using the Cytobuster Protein Extraction Reagent for soluble proteins (Merck Biosciences, Germany). The extracts were collected, aliquoted and then stored at -20°C until use with Western Blot analysis. The protein concentrations of the extracts were determined with the Non-Interfering Protein Assay Kit according to the manufacturer\'s protocol (Merck Biosciences, Germany). The extracts were treated with Laemmli sample buffer (at a final concentration of 32,5 mM Tris, 2,5% ß-mercaptoethanol, 1% SDS and 12,5% glycerol) at 85°C for 10 min and separated by SDS-PAGE on a 10% Bis-Tris gel (Invitrogen, Canada). Staining was performed using specific antibodies (Bcl-2 Family Rabbit Monoclonal Antibody Sample Kit, Epitomics Inc., USA: Bcl-2 dilution 1:1000, Bcl-x dilution 1:1000, Bad dilution 1:2000, Bag-1 dilution 1:1000, Bak dilution 1:2000, Bax dilution 1:2000, Bim dilution 1:1000, Bid dilution 1:1000, Mcl-1 dilution 1:1000) and secondary antibody (goat anti-rabbit IgG (HRP), Santa Cruz Biotechnology, USA, dilution 1:5000).

ß-Actin staining served as loading control (mouse anti-ß-Actin HRP, Abcam, dilution 1:5000). Antibody complexes were visualized using Hyperfilm ECL chemiluminescence (Amersham Biosciences, UK) and evaluated using the \"Image-J\" analysis software.

Immuno-fluoresence
------------------

H1339 cells were grown on microscope slides, fixed for 5 min in 100% acetone and washed in sHBSS containing 10% newborn calf serum (NCS). Antibodies were diluted 1:100 in sHBSS with 10% NCS. The cells were incubated for 1 h at room temperature with monoclonal antibodies (Bcl-2 Family Rabbit Monoclonal Antibody Sample Kit, Epitomics Inc., USA). The cells were than washed in sHBSS with 10% NCS and incubated for 1 h at room temperature with Texas Red conjugated secondary anti-rabbit antibody (Santa Cruz Biotechnology, USA). The slides were inspected on a fluorescence microscope and the fluorescence intensity was quantified using the image analysis software \"Scion\".

Small interfering (SI) RNA transfection
---------------------------------------

Cells were transfected according to the manufacturer\'s protocol (Santa Cruz, Biotechnology, USA). The siR-NA concentrations were adapted to ensure the desired decrease in protein expression without interfering with cell viability and growth as assessed by trypan blue staining and cell number. H1339 cells were transfected with 10 μM Bax siRNA using the siRNA transfection reagent for 48 h. Non-targeting siRNA served as control. After 48 h, protein expression was quantified using Western Blot analysis. Four days after transfection, protein expression was again quantified to ensure stable transfection for the duration of the experiments with cisplatin.

Statistics
----------

One-way or two-way ANOVA or \"ANOVA repeated measurements\" (combined with pairwise multiple comparisons) were performed using the \"Sigma Stat\" software (Jandel Scientific, Chicago, IL). A P value of less than 0.05 was considered statistically significant.

Results
=======

Analogue to the plasma concentration of unbound cisplatin in humans \[[@B6]\], H1339 cells were exposed to 0.5 μg/ml cisplatin for 3 h. The cells that had survived were allowed to recover for 7 days and were again exposed to 0.5 μg/ml cisplatin. After 4 \"cycles\", the survival after a 5th exposure was compared to the survival of naïve cells. The pretreated cells showed an increased survival fraction compared to naïve cells indicating partial resistance to cisplatin (Figure [1](#F1){ref-type="fig"}). The cisplatin sensitivity was assessed for up to 5 passages but no change in cisplatin-resistance could be observed.

![**H1339 human small cell lung cancer cells were exposed to 0.5 μg/ml cisplatin for 3 h**. The cells that had survived were allowed to recover for 7 days and were again exposed to 0.5 μg/ml cisplatin. After 4 \"cycles\", the survival after a 5th exposure was compared to the survival of naïve cells. Pre-treated cells showed an increased survival fraction compared to naïve cell (\* = P \< 0.01).](2047-783X-15-10-448-1){#F1}

Next, the expression of the pro-apoptotic members of the Bcl-2 family of proteins Bad, Bax, Bim and Bid in naïve and resistant H1339 cells was assessed using Western Blot analysis. From the proteins tested, only Bax showed an altered expression with the expression being lower in the cisplatin-resistant clone (Figure [2](#F2){ref-type="fig"}). To confirm the result of a reduced Bax expression obtained with Western Blot, we performed immuno-fluorescence analysis. Again, the fluorescence levels were lower in the resistant cells (Figure [3](#F3){ref-type="fig"}).

![**The expression of members of the Bcl-2 family of proteins was studied in naïve and resistant H1339 cells using Western Blot**. (A) The expression of Bax was lower in resistant cells (n = 3, P \< 0.05) while the expression of Bad, Bim and Bid showed no difference. (B) Representative Western Blots.](2047-783X-15-10-448-2){#F2}

![**The expression of Bax was assessed in naïve and resistant H1339 cells using immuno-fluorescence and found to be lower in resistant cells (n = 20, P \< 0.01)**.](2047-783X-15-10-448-3){#F3}

We next aimed to investigate if the decreased expression of Bax in the resistant clone was causative for the cisplatin-resistance or an epiphenomenon. Using siRNA the expression of Bax was lowered in naïve cells (Figure [4A](#F4){ref-type="fig"}). But, no difference in cisplatin-sensitivity of naïve cells with reduced or unaltered Bax expression could be observed (Figure [4B](#F4){ref-type="fig"}). Using a different SCLC cell line, H187, the experiments of the effect of reduced Bax expression on cisplatin sensitivity were repeated. Again, no difference in cisplatin sensitivity could be observed (Figure [5](#F5){ref-type="fig"}).

![**A Naïve H1339 cells were 48 h treated with 10 μM siRNA targeting Bax**. As a result, the expression of Bax was reduced compared to naïve cells treated with non-targeting RNA. B Naïve H1339 cells with a reduced expression of Bax (naïve siRNA) and sham treated naïve H1339 cells (naïve ntRNA) were exposed to 0.5 μg/ml cisplatin for 3 h. No difference in the cisplatin-sensitivity could be observed.](2047-783X-15-10-448-4){#F4}

![**A Naïve H187 SCLC cells were 48 h treated with 10 μM siRNA targeting Bax**. As a result, the expression of Bax was reduced compared to naïve cells treated with non-targeting RNA. B Naïve H187 cells with a reduced expression of Bax (naïve siRNA) and sham treated naïve H187 cells (naïve ntRNA) were exposed to 0.5 μg/ml cisplatin for 3 h. No difference in the cisplatin-sensitivity could be observed.](2047-783X-15-10-448-5){#F5}

Discussion
==========

In this study, we have shown that repeated exposure to cisplatin led to cisplatin-resistance in H1339 SCLC cells. From the pro-apoptotic BCL-2 family of proteins members Bad, Bax, Bim and Bid only the expression of Bax was reduced in cisplatin-resistant H1339 cells. But, reducing Bax expression in naïve SCLC cells did not lead to altered cisplatin-sensitivity.

Apoptotic stimuli lead to translocation of Bax and Bad to the mitochondria, which results in increased permeability of the mitochondrial double membrane \[[@B7]\]. This in turn causes release of cytochrome C, which initiates the caspase cascade finally leading to apoptotic cell death. Bim and Bid have been shown to bind to Bax thereby activating this pro-apoptotic protein \[[@B7]\].

Cisplatin resistant cells somehow escape the apoptotic stimulus caused by the cross linking of DNA base pairs through cisplatin. Multiple mechanisms have been proposed to cause cisplatin resistance \[[@B2],[@B3]\] including the intracellular Ca^2+^-homeostasis by our group \[[@B8]\]. Given their pro-apoptotic effects a reduced expression of Bad, Bax, Bim and Bid in cancer cells could cause cisplatin resistance. Indeed, we found the expression of Bax to be reduced using Western Blot analysis and immuno-fluorescence.

To test if the reduced expression in deed contributes to cisplatin resistance we could have increased the expression in resistant cells or decreased the expression in naïve cells. As siRNA constitutes a convenient and readily available tool we decided to do the latter. But, reduction in Bax expression did not alter cisplatin sensitivity. The interpretation of this finding could be that reduction in Bax expression is an epiphenomenon and not related to cisplatin resistance. Alternatively, Bax expression is one of several factors contributing to but not being sufficient for altered cisplatin sensitivity.

Sakakura et al. overexpressed Bax in MCF-7 breast cancer cells and increased thereby cisplatin sensitivity \[[@B9]\]. Also in breast cancer cell lines, Gibson et al. reported increased Bax expression following chemotherapy with cyclophosphamide \[[@B10]\]. These findings conflict with our data, but, however, different cell lines and chemotherapy were used.

Taken together we conclude that the reduced Bax expression after exposure to cisplatin is not sufficient to induce cisplatin resistance in SCLC cells.
